The 360 MHz 1H NMR spectra of the boron-containing macrolide antibiotic aplasmomycin and of desboroaplasmomycin were analyzed to extract most of the parameters revealing the conformations of these compounds in CDCl3 solution.
It was found that the conformation of aplasmomycin in CDCl3 solution is identical to that in the solid state and that removal of the boron atom from aplasmomycin results only in a slight conformational change of the molecule in CDCl3.
All resonances observed in the 13C NMR spectrum of the antibiotic have been assigned on the basis of chemical shift theory, multiplicity analyses, single frequency proton decoupling experiments, comparison with several derivatives and model compounds, specific deuteration experiments, and analysis of one-bond carbon-carbon couplings of pairs of carbon atoms.
Aplasmomycin is a novel ionophoric macrolide antibiotic which was isolated from strain SS-20 of Streptomycesgriseus2). Its structure has been determined by a single-crystal X-ray analysis3) as a symmetric dimer built around a boron atom. In this paper we discuss the solution conformation as well as the 13C NMR assignments of aplasmomycin.
Results and Discussion
The well-resolved 360 MHz 1H NMR spectra of aplasmomycin and desboroaplasmomycin were analyzed primarily by extensive spin decoupling experiments as shown in Fig. 2 and by protium-deuterium exchange experiments ( Table 1 ). The distinction of the two geminal methyl singlets is based on nuclear OVERHAUSER effect measurements4). Irradiation of the H-9 signal caused a 13 % area increase of the singlet at 0.73 ppm, and irradiation of the H-7 signal caused a 10 % area increase of the same singlet.
The singles at 0.73 ppm therefore must be due to the H-19 resonance signal which is cis to H-7 and H-9.
The dihedral angles were calculated from the measured coupling constants using the following modified KARPLUS equations: (A) 3JH,H=10.5 cos2¢-1.2 cos¢ for the dihedral angles in the tetrahydrofuran ring5); (B) 3JH ,H=6.6 cos20+2.6 sin2¢(0°<¢<90°) and 3JH,H=11.6 cosec H2.6 sin2o (90"<6<180°) for H13-C13-C12-H12 and H11-C11-C10-H10 fragments in which one of the intervening carbon atoms is sp2 hybridized6); (C) 3JH ,H=9. The chair conformation of the tetrahydropyran ring is corroborated by the findings that the coupling constants of J6R.7, J5S.6R, J6R,5R and J6S,7, are 10.7, 11, 6 and O Hz respectively. The unusually small coupling between H-6S and H-7 is probably due to the presence of a free oxygen orbital in a W-conformation (a planar zig-zag path) with respect to a coupling C-H bond (04-C7-C6-H6S)8).
The conformations along the carbon chain C(6)-C ( conformation of the silver salt of aplasmomycin has been determined by X-ray crystallographic analysis.
3)
The present results show that the solution conformation is very similar to that in the crystalline state.
The torsional angles of aplasmomycin in solution and in the solid state are shown in Table 2 .
Desboroaplasmomycin was easily obtained by acid hydrolysis of aplasmomycin9). The 360MHz 1H NMR spectrum of desboroaplasmomycin (Fig . 2) is much less well resolved in the methylene proton Chemical shifts for the carbon atoms in aplasmomycin were determined on proton-noise-decoupled spectra. Because of the symmetry of the molecule the natural abundance proton-noise-decoupled 13C NMR spectrum of aplasmomycin (Table 3) shows only 20 signals corresponding to 40 carbon atoms of the symmetrical macrocyclic dilactone ring9). Each signal represents two identical carbon atoms. The proton-coupled spectrum shows 3 singlets, 9 doublets, 4 triplets and 4 quartets. The singlets at 170.4 ppm, 106.0 ppm and 39.0 ppm, and the doublet at 32.9 ppm were assigned to the carbonyl carbon C-1, the quaternary carbon C-3 bearing two oxygens, the aliphatic quaternary carbon C-8 and the aliphatic The signals at 76.4 and 78.2 ppm were thus assigned to C-13 and C-16, respectively. The remaining signal at 79.5 ppm was thus assigned to C-7. These complete 13C resonance assignments allowed us to determine the biosynthetic origin of the carbon skeleton of aplasmomycin using 13C NMR spectroscopy1).
Experimental
High-field 1H NMR spectra were determined at 360 Hz on a Nicolet NTC-360 super-conducting nuclear magnetic resonance spectrometer. 13C NMR spectra were recorded on Jeol PFT-100, Varian FT-80, Nicolet NTC-150 and Nicolet NTC-360 nuclear magnetic resonance spectrometers operating at 25.2, 20.16, 37.8 and 90.72 MHz, respectively. Chemical shifts are given in parts per million (ppm) relative to Me,Si (TMS) as internal standard, or adjusted to the TMS scale by reference to the CHCl3, resonance at 3. 7.26 or oc 76.9. Coupling constants are given in Hertz (Hz). Splitting patterns are designated s, singlet; d, doublet; t, triplet; q, quartert; m, multiplet; b, broad.
